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A systematic experimental study has been undertaken to provide data concerning
the effect of aft area on the x:50 swept-wing longitudinal aerodynamic characteristics
at low subsonic speeds. The study was conducted over an angle-of-attack range from
approximately -29 to +280 . The data are presented without analysis.
Moderately swept wings are often used for fixed-wing fighter aircraft,
as shown in figure 1, due to the cruise requirement. However, these levels
of sweep may reduce the high angle of attack maneuver capabilities of such
a wing due to early breakdown of the organized leading-edge shed-vortex-
flow system. A wind -tunnel investigation has been conducted to determine if
this vortex flow could be stabilized by properly shaping the planform
aft of the leading edge. Stabilizing this flow to higher angles of attack
is important because of the extension in the associated high-lift charac-
teristics. A wing with a 450 leading-edge sweep was chosen for study as
being typical of this class of wings.
Presented in this paper are the static-longitudinal-aerodynamic
characteristics of 14 cropped 450 wings at a Mach number less than
0.2. An analysis of the lift characteristics was made in .reference 1
to assess the significance of planform shaping on the vortex flow aero-
dynamics of moderately swept wings; therefore, no analysis is included
herein.
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3SYMBOLS
Values are given in both SI Units and U. S. Customary Units. The measure-
ments and calculations Were made in U. S. Customary Units.
A	 aspect ratio
b	 span, cm(in.)
CD	drag coefficient, Drag
ref
CD,o	 experimental value of drag coefficient at C L = 0
CL	lift coefficient, Lift
ref.
Cm	pitching-moment coefficient about the reference point, xref
or at crefA, Pitching  moment
ref ref
c	 streamwise chord, cm(in.)
M	 Mach number of free stream
q.	free-stream dynamic pressure, N/m2 (lbfjft2)
Sref	
reference area, m (ft 2)
xref	
reference point for pitch calculation, aft of apex, cm(in.)
a	 angle of attack, degrees
A	 leading-edge sweep angle, positive for sweepback, degrees
a	 taper ratio, cticr
St	 trailing-edge sweep angle, positive for sweepback, degrees
Subscripts:
r	 root
ref	 reference
t	 tip
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MODEL AND TEST DESCRIPTION
Tables I and II present the geometrical and reference values for
fifteen wind tunnel models, respectively. The reference values are the
true planform areas and mean geometric chords. Most of the models were
obtained from models I and X as is shown in figures 2 and 3. Model VIII
is an A=l, A=45 0 , a=1 wing (figure 4) and model IX is model IV with its
trailing edge beveled and used as the leading edge. (Model IX was tested
to provide data for an investigation of augmented vortex lift associated
with the side edge. The results are reported in reference 1.) All models
were obtained from flat plates and the leading and side edges were beveled
symmetrically.
The tests were conducted in the Langley 7 x 10 foot wind tunnel at
Mach numbers less than 0.20 and at Reynolds numbers less than 3.74 x 106.
The test set-up is shown in figure 4 with the active and dummy balance
housings in place. No blockage or jet boundary corrections were necessary
due to the slotted configuration of the test section. Chamber and two
base pressures were measured and the axial forces corrected to these
pressures being equal to free-stream static.
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CONCLUSIONS
Longitudinal aerodynamic characteristics for fourteen 45° swept-wing
models at low subsonic speeds have b.zen presented. In addition, one of
the models was tested trailing edge forward and these data are also re-
ported.. The angle-of-attack range utilized was from approximately -2 0
 to +280.
The data are presented without analysis.
a
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Reference
Lamar, John E.: Summary of Some Recent Studies of Subsonic Vortex Lift and
Parmeters Affecting the Leading-Edge Vortex Stability. Aw No. 76-414,
presented at the AUA Ninth Fluid and Plasma, Dynamics Conference, San Diegw,
CA, July 14-16, 1976.
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TABLE I
MODEL GEOMETRIC CHARACTERISTICS
Model	 A	 A,deg
	
Q,deg
	
a	 Cr	 c t
	 b
cm	 in	 cm	 in	 cm	 in
I 1.000	 45
II 1.118
III 1.224
IV 1.333
V 1.464
VI 1.651
VII 2.000
VIII 1.000
IX 1.333	 0
X 1.333
	 45
XI 1.714
XII 2.154
XIII 2.667
xiv 3.273
xv 4.000
-45 •333 76.20 (30.00) 25.40 (10.00) 50.80	 (20.00)
-30 .388 65.46 (25.77)
-15 .441 57.61 (22.68)
0 .500 50.80 (20.00)
15 .577 43.99 (17.32)
30 .703 36.14 (14.23)
45 1.000 25.40 (10.00)
f 1 50.80 (20.00) 50.80 (20.00)
-45 .500 25.40 (lo.00)
0 t lol.6o (40.00 50.80 (20.00) 101.60 (40.00)
.400 84.66 (33.33) 33.86 (13.33)
.300 72.57 (28.57) 21.77 (8.57)
.200 63.50 (25.00) 12.70 (5.00)
.100 56.44 (22.22) 5.64 (2.22)
0 50.80 (20.00) 0 (0.00)
TABLE II
MODEL REFERENCE VALUES
Model c
rycf
Xref $ref
cm in cm in m ft 
I 55.0' (21.67) 24.33 (9.58) .258 (2.78)
II 48.39 (19.05) 22.94 (9.03) .230 (2.48)
III 43.59 (17.16) 21.95 (8.64) .211 (2.27)
IV 39.52 (15.56) 21.16 (3.33) .193 (2.08)
V 35.53 (13.99) 20.45 (8.05) .177 (1.90)
VI 31.09 (12.24) 19.74 (7.77) .156 (1.68)
VII 25.40 (10.00) 19.05 (7.50) .129 (1.39)
VIII 50.80 (20.00) 25.40 (i0.00) .258 (2.78)
Ix 39.52 (15.56) 9.88 (3.89) .193 (2.08)
X 79.02 ( 31.13.) 42.34 (16.67) .774 (8-33) 
xi 62.89 (24.76) 37.49 (14.76) .602 (6.48)
XII 51.74 (20.37) 33.78 (13.30) .479 (5.16)
XIII 43.74 (1't.22) 30.68 (12.08) .387 (4.17)
xIV 37.97 (14.95) 27.97 (11.01) .316 (3.40)
xV 33.86 (13.33) 25.40 (10.00) .258 (2.78)
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TABLE III
TABULATED WIND TUNNEL DATA
10
N ri CO .-t O u\ q N O w co .1 N -7 of '-) \0 u1 t--
 NNNOON.7 riO .^ r-IM000 n 0000000 00 riNM..?\Ot^-V O G O'"^ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1	 1 	 1	 1	 I	 1	 1	 1	 1	 I	 1
ri ^ N L - r-1 N c0 to C- N u\ M N \0 \0 co M \C c07 M M M to t`- ri 00 t- Q\ -:T O r-I O\ 0 c0 M M t`--H ri ri ri ri ri N N M -T 1^ 0 co 0 ^r ri t`- Lr\ M O\V o00000000000ri r-iNNm --I*.r
H \0 riC- \Q 4 ri u\ ri 0 N u\ Q\ u-\ M ..7 O\ u\ N O\ O\ M\0 ri p O\ U\ M O NM	 \ CO O ri M 0 O\ O\ O\ 0 \0A	 r M0 N\0 O.7 co MOT Lf\ O coO\OOOO
U	
0 0 0 0 0 rI ri ri N CJ M 	 u\\0 co 0\
1	 1	 1	
.	 .	 .	 .	 .
0 u\ ri O ri u\ O O O\ co ri N O co M .7 .:t ri t -
c^	 u\ -* u\ u\ u\ u\ u\ u\ .7 --t u\ u\ u\ .:t v\ Lr\ ,-t u\ --r
• CC) cO CC) co00cocococococococococ wwcoCC)
0 ri ri ri ri r-I ri ri ri ri ri ri ri ri r-I ri ri ri ri ri
• u'\ N O\ t^ co t^ ri co -* u\ N ^ C\0 ^ ro rO-i ^ O
r^.. K7 u\ O --t 0 ri N M t!\ \0 ao O
6Q riri-ri C\jC	 f D L`-O\r2H,rie^-I-I4NNN1	 1
i
H
WA
N H CC) ..3 O Lr\ CO t- O CO co -7 t-- -:* N "1 \D Lr% t-000 C\JNNNNOON .7H0 i -Tr-IM000 000000000 riNM.?\p C-V O G O -'^ o o o o 0 o o 0 o 0 0 0 0 0 0
i	 l 	 I	 1	 1	 1	 1	 1	 1	 1	 1
H \.D N t- H N w Lt\ tom- t- Lr\ M N \D ^10 CO M 1 0 CO
rlrMirl r-1H r^iN N rm^\DOD0^ 0r.1t U^MC\V o00000O00000HriN NM-7--r
t-- \D rpp-4 H L \ H O N U\ O\ In M ..^ Q\ U\ N O\ ^Q\ M
^ H(r10N^00^^MT OLr\ OWcoOY\0000a oOOOOHrir-4NNM^,7 u\\Oc0C\0
	
	
. . . . . . . . . . . ri rii 1 i
0Lr\H0 r-I Lr\ 000hW rINOCOM 7-J' HC-L +^ 	Lr\ -? Lr\ Lr\ Lr\ Lr\ Lr\ Lr\ -7 --i Lr\ Lr\ Lr\ .=t u-\ Lr\ ..7 Lr\ --zr
w w co co cow w m co co co cO co W W CO CD CO cO
^ 0 A A A r-I H H H r-4 Hr-I r	 r-4 H H	 r-4 HH 'i 	 ri H
r-1 \D O N r-i O \D -7
	U1 N
	
Q\ N CO tom- r-I CO ..7 Lr\ N _:;t O\ ..7 !)O H . t O
W
L ( -:to riNMU\\,ocoOOHM\JC6HMLr\
	
C-1 i i	 .7• r C\*jA LA \Dt-	 HO\r-iriri HNN N
r-4 r4 t-- cj -:t Lr\ ^o H (7\ m t - co t- rA (y) Lr\ o m L-\
N N N M M M M M H 0 ri M \,o -t -:t \-o C\j 0 -tr
0 0 0 0 C) 0 0 0 0 0 0 0 0 -1 C\l (Y) UN t- CC)
9O 99 9 9 99 9 7 9 9 9 9 9 9 9 9
m r 4 t— N -^ rq M m V\ H Lr\ M co M Lr\ t w ---J- Lr\
UN U-\ _-r UN \D C\ cn 0 0 M ( _zt tr\ UN t— UN H M r-4
A r4 ri H r-I r-4 c\j (Y) -:t L\\o CO o U\H CD\D ..7 O
U 000000000000  ri ri N N C'? -.7 U\
CO
w -Zt U"\ M r-i 0 N _:r w m H 00 N Ul\ \10 N \D
\10 \D cli 0 t-- co co CO (Y) 0 -:T cr\ m _:r -:* (n m N ti
Lr\ CY) 0 M \D 0 -* M Lr\ H \,o r-I cO 0 C\j (Y) cn 0 0
IL)
	
OOO OO rirl riN
 
m M
	 C\
co 0 N N -It N N N 0 t-- N Lr\ \,O m 0\ 0 m \10 t--
-:T Ul\ Ljr\ Lrl\ Lr\ Ul\ Lr\ Lr\ Lr\ -:41 Lr\ -It Ul\ tr\ -:T Lr\ Lr\ Lr\ -*
0 • M CO CO CO CD CO CO CO CO CO CO CO CC) CO CO CO CO CO CD
0 -1 H r-4 H -i r-4 H , I r-i r-i r-i r-i r-i H H r-♦ H r-I HM. . . . . . .	 . .	 . . . . . . . . . .
N m \,o -:t t- o co C\j
O C\j m	 o,	 t— CO N C\j t-- _:t r1i r1.7  co (Y) \0 0 C\j CO-:T r-I r-i C\j m V\ "D co 0 . . . . . . . .
PA ^ 9 0 	 \D CO r-j CY) _:I
r-A rl - r-I Cli CY) _:t Ul\ \0 t^- C^ H r-I r-I r-4 r-4 C\j N C\j
	
I	 I
J
\O t--  u1 r i M u1 M \O .4 O aJ O [ -7 CC) CC) -* N t-0 0 r-1 N N N N N H O H -!t \10 .7 .zr \,O -7 U\ Co0000 00000 00 00 r-iN mU"\t— co
0000000000000000000
...•	 1	 1	 1	 1	 1	 1	 1	 1	 1
-:t O u\ c\ N -* Lr\ -y' c0 O co t— N-:t -:t M O ti OL-- t— \,O \10 co O -7 H H U\ 0\ t— co co C \ -7 H 0\ t—r I ri H H H N N M .,7 Lr\ \0 co O Lr\ "i co \O M coA	 000000000 00 0HriC\! N M..7.-r
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
9	 \'O 0\H	 M \,O t— 0\ 0 U\ M -i -zt ri \o N \,.o *,D U\ M N \,O \OCO .7 M \,o Lr\ \'O D\ 0\ U\ N co co kD t— t— c r-i N \^or 7	 .-7 M O M t— H U\ O Q N t— t`'1 U H M M. zr 0 0
a	 0	 OOOQOrIr. . . . . . . C— 	 . ri
0` ^1 Lr\ Lr\ N M O \,O N N ri M N ..7 O\ O O .7 0\
x	 .Zi \ Lr\ In Lr\ U\ Lr\ U\ Lr\ U\ U1 Lr,\ U\ Lr\ -:t UN Lr\ Lr\ -:Zr
U	 cOWmc0cocOcOcocp CC) cOCC) CC) 00coNCO00co
Z H rirIririr-iri H r'ir-iri rir-irir-I H -iHH
LrN U\ T H N M uN CO
T
	
	
co M 0\ V, \,O Vr O\ to r-4 t— H M t— N U\ CO O M
w7 . C) . . . . . . . 
.0ri M\,O OJO M .^
	
q i ; *H(%I 7U	 rir N NN\\,Ot— c0 HHr-Al 
r
Nl-(\^ \-ONM ri -7 mNNm\OOga0N0\OO O ri ri r-i ri rl O r-4 M ^,O 0\ N rl ri -* N m N000000 000000 ri CV M-7\^000O
000000  0 0 0 0 0 0 0 0 0 OOOH
• 	 I	 I	 I	 I	 I	 I	 I	 1	 1	 1	 I
..7 ri -7 co oD N U\ N t` O m u\ -* ti co m m l N
mO\Wc0 O\N\O m -:tcJ -zr N-:t U\N-.7 t-- m"O
rl ri r-i r-1 ri N N m --r U\ ti O\ ri \D N C,\J' -7 O\U 000000000000 rielN N m.^
y
m -:t OD CJ O\ 47 O ''.O M O U\ N O\ OO O\ \D ri m qa	 T U\ N 0 0 U\ N t Y 1 M C1! \D \D Q\ N r-♦ \D O\.zr NW	 u\ M O -7 aD N C-- N co -:f O \.D N U\ (- C-- \O O O
AO	 U	 OOOOOririNNm.^.^' U\Vl`-COO\
Nri-*NU\U\-:tNNH\DN-?CON M H H N
x	 U\ L \ U\ U\ U\ U\ U\ U\ U\ L \ U\ U\ U\ U\ U1 U\ U\ U\ U\U	 COcoco co
 CC) bm CC) co CC) CC) co cO CC) 00 QOCO CC) co
70. rl r^ rl ri ri r^l rl ri ri I rl ri ri rl ri -! ^ ri rl.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
ra _Z" m w -:t co co w
M _zr O\ I'D \10 U\ t— m co \10 rl m ti ri \O co .7
a ch U\ O -7 0 rt N m -t \D [ Q\
	
• • • • .
^A i ; 9 riNM 7L1^Dt- CO*
 2 r1irir^i^^NN
r
'r
N^
o `^
W
A
O ^'
r -
r-I O .^ U\ N ri U1 M N I - O ^ Q^ tt^ f+'1 a0 l^ t0 0 0 0 0 0 0 H M\D 0 mm t- O% H t^-^p0000000000 1 '1H(\j mn%,0 :70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I
ri I'D N N O -t L O m rA r-I Ut U,\ m -* U-\ Lr% r-I
N  rOi MN N N cYl-*^ tiC\r-II^ MC\Lr\ -IU 000000000000 ri(i NMI
9
U'\ r-I ^^UpNH(^ oMo L- \DO O\^^-7 t-- NN
^0-It MCOfm0\' N0\U\L---OC,t-rotOA	 U	 O O O O O r-4 r-I N N M .:t -t U1 \,D co 00 O\ r l
7 .7 \,o \,o O U1 O\ \,D ..7 \^D t- M .--t \,D M L \^O L
x+	 U1 U\ n "Vr U\ U\ U\ U\ " "\D n UN ... U%U o0comoowmcU Coco Coco mwmcOwwmZ ^i ri r-I r-I r I r-I r-♦ r-I ri H r-I r-I ri r-i r-4 rq r-I r1 H
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
co O L- N- M t-
• oD M t- M O t- CO r-I M U\ H O --1 t l- m H riC7 -:T0 0riNN M L\\'D t-O\
A i ;r i CV M U1 ^D lam- a0 O^ r--1 ri H HN N
}Jl
r
t -u1 .7 a\ co O -:r.7 ri L\ N u\ M 0100 \O OO 0 0 0 r-I H O N \p r{ U\ ri ti Ml*O^OOOOO000r1riNNM.7 U100000000000000000
i i^^^^^^
CO U1 N CO M r♦ CO .-,t O \O O O M \D M CO NO O O O N L\ O\ N O\ .':t M M N O M ri ON N N N N CV N M.7 \DcO O NCO.:O\DV 00000000000 Hr-4rANMM
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
HH9 t-•- tf1 O N tTi ON ..7 N N CO ..7 ON C-- CON rl r-i
r7	 t—.:' rl U1 "J r-1 t— CO --t CO O CO N ri \D O\ N
W	 M ri U\ O Lr\ O \O M O CO -:* N U1 \D M coOA	 U	 OC^2^ rri\D-NO\O\
F	 1 1	
• . . . . . .
i	 N NM -? ^ U\ t
.	 .	 .	 .	 .	 .	 .
O\ 1` -=t U\ ri .:' N \7 t - \D t- t - co O 00 C- N'
U\ U\ \D \D \D \D \D Lr\ U\ Lf\ U\ L11 U\ \O U1 U\ U\
U CC) C.O00cOCDMCOc0c000 Cl) ODCOCOa0c0c0
T. Z ri ri r-1 ri ri ri ri ri ri ri rl ri ri rl 1-1 ri rl
9 M N _zrtiO _:r O co \D o0 ^ U\ O M \O t-- c o
P4 C7 N M \7 O r1 N N M-^r U\ N CO
Qr I	 ri N M U\ \D [ CD O\ ri r-i r1 r-I ^
1	 I
Q\ O ..? Cn t- N W \D ..7 9J rl ^7 CT CT 11 U'\ N r-1 N coO O H N M .7 .7 --It ..7 M N O H t- \D .1 -t \10 N OD
0 0 0 0 0 0 0 0 0 0 0 0 00  0 0 0 0 O O
1	 1 	 I	 1	 I	 1	 1(	 1	 1
t- \D 0 CT 0 -:r M O m ri H \O m CT N CO \D -:rC\^rIOHH -t t-NO r4U\H Om.7t--CA H.trr^^ rrll ri r-1 H ri ri N m .zr U\ t- O\ m O t-- U'\ U1-7 co
HHH
CO N ri r1 \D -:t \O N m N 0 m t- co m H 0 0 UNa	 ^ .7 m ..7 O O\ ON t- O " ri H \D Lf\ \D O in ^ t-W	 \O m O N U'\ (J\ N \O rl N N CO -7 \D O N -7 O r-I HAO	 rl	 000000 H H  NmM-7 Lr\ t--COO\ . . .
r[	 L \ L^ LIN Lr\ Lr\ Lr\ Lr\ Lr\ U U -\ Lr\ nU-\ Lr\ U-\ V^ U- V\ U-\ UU1c^comcococoCocococotocoCoCOcOcococOcoaOcoO r- ri ri r1 r-I ri ri ri ri -I r-I -! ri ri -I ri ri ri ri ri
M t- W u-\ HNNtoO
r-I M t- 
-7T \O \D O\ U\ m M N -7 O\ Lr\ O -t CO ri 0
R,0 r-10NOriN M^\DCOOW	 O	 O r1 m \D C\ r .4M \D t-A N ; riCJM 7LI\\Dt-Cl riri r-Iri H NNNN
mm0NLrwM ^^^mHmc^ mtt-^co(n000000 rlHHHNNCV ri0N.7U1El-
0000000000000000000
I	 i	 i	 1	 1	 1	 1	 1
N N CTN Nw U\ O Nw U\ U1.7.7 t-ri t-^ U\
^^ r4 -4-4 ri^ ^N N m.^?^tiriU\^"0C SUNU 0000000000000 Hr-4N C\jmm
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
SCH
-* CT O CT CT O CT t- CO U\ O r•I ^10 ON 7 M Ul7 H t-
ri U,\-: N -7 w -t N .-t t— N t-- M M t-- U\ O m OC'\ N O M \10 CT M t— r-i to O .1 CT CT CT 0 co _:r coA	 U	 U1 17^I^COdO
^	 i I
M co t•--.7 U1	 U1 cc ap co ^10 tl- Ur\ U1 t-- M N M M
U	 ^r-IHIr-I i^:^ Diririr-I^rrlHr^-i^ririrriO ri H r-
	
ri ri ri H r-I ri ri ri r"t r-"I ri	 r-I H H
M	
. . . . . . . . . . . . . . .	 .
U1 M .* .^ U1 t—.-7
N	 N P-4 -:t CO r-4 CC) V1 t — M ..7 \D co CT O O N
C4 c5 CTMM0000r1 iNNM . • . • 	 .
• •	 O N -:r lD CT ri N
^A N^O•rINM.7U1^pt-i-00Trir-4Hr-4HNN
Ha
	NN.-1nN00% MME OO`!.3N 11• .4111 U1^ t VIM	 [^
cl m CD C2 t7 0 M r2 0 llll^ CI .+l .t .+ .i N N M -! •D v "Lt t7 O 'a tJ C G © O /~, . 3 t.7 u • _i tJ sJ ._-1 tit C . •_ rU	 • • • • • • • • • • • • • • • . • • • • • •
I	 I	 I	 I	 I	 I	 I	 I	 I	 t	 I	 i	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1
V"
7
«-ter
NMN M-4 N W iLt tT uA iT.U111 H w4  J o0 %a.i.iJ -1tDN-tLr) .DmMMl+,
 WN.-1N .t (r W ti0 %D4ON
	
.d .d ^r• .-1 .• .-t .i .i N M I U1 N M ri P^ I n .d N. 4 .• .t	 .
p 1^2 c I f.3 f0 G C3 cl n C) m Co to .d .-4 4	 M t t
X
-.1	 MUl0 W.I .t m.-1 4 0.4m M M w M :^MtDN tt1 u
LtJ	 t U,# ,.4 M to co N ri .-1 ty N uj - t 0 -t .4 O+ m h tti M in
A	 c^ M M .-i tj t IT I M Ln .i 4 N 40 I a LA W W I ./ MO	 J	 t^ a Q .r u C -3 .-I .i (\j m M t o U1 ,:j u) F. tC iT L  J
L  .4 N Ul .-1 N U N t] N d Ul .-4 ^4 00 N 00 f-1 H t it r2
2	 ^1 .4 .-i 1 -1 r/ n N " N t7 .-1 h V' Cl r Ir ,n P- tD M .n t7
t) . tD aU 1) Go W d+ qo m <0 I. Go
	 cc 1. N 1` A N h 1 - W
4 a r^ '1 O q t1	 1:) (n -3 :, • 1 C7 [,l -1 C .a , rl7 . . • . • . . . . . . . • . . • . . • • • .
4	 t t N CO^4 to M T u -4 .-1 0 .J c? .-t -4 <^ s x ,-i ti m
_ • ^^ ,_tO	 C:-) ON 4J . J NN 1 UltLA Tm(I Mitl lTO'.+
ate ......................
a ti 1 •^ oo	 n t0 P. °O (P , .• P^ U1 P^ a% .+ r)
.S t7	 I 0 1	 r4 .-1 .4 •i .4 .-I N N
Muoi%oNdD N NtiNNUI w cr cl cl %0 N N In t r4 P.-
-'s O N M C .I f- 0 N• (y fit N U< R. M .-( t M (n fI kD to
AC ="- = C3 c7 r7 Q •4r1 •4• •4.4w4 NNM SOOT 1j.	 L:! O (l •-j	 Ca t"7 i C) ' .i ' J tJ (.J • -Y i.7 •'1
1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1/	 1	 1	 1	 1	 1
W"Mm Sul ln mwQ't00?.wN rfl. UlWN.tic
M -P U% .t J NN ►tiM N i A 4NP r 4) totv,?Ninvo
rf 94.•1r4.4"r4w4N M t 0P^M .A" a0 rt NMR WC Ca O GI -v F7 co c7=- c-s t t 0 -z Li .•d .-1 • (N MM MOP
x 14 It . NNU\U3cr W4 LIN 1 3 v NN. 10t.N1-1 Pt. 9DmwJ	 M N v J 4 %0 1` ti Q (1 11% W 4 r1 t-" N nl Ul P %DW	 r.3.tr7N9 .3 tC% tC5Nff) Ul-4P,N cr. cc 0NNO
in	 J Li La -4 	 u.4Cti N m tUN (31 'y U t- O` Q' Q
^	 ! 1 ! 1 1
C W  r4 to u M O M J .D N N N S W M LJ V .i 0MS 10 J 1 M M M to M t M N nI (N( N -+ .4 .a T r'1 cM
• CD W 43D W W IM CQ tQ CC ,y W V ^O 1D Cf, c3U CC' M 0) ti V
Q 0 t -3 f^ t"1 ,-t ry h 7 "1 O rn ^l Q 'l -3	 r9 r7 r] r, :1 •^ e
Q	 t J a, N ••( r(t N r 4 'D N 1•. vC o ,L) M t Q' 1v • D r .1 J
•r. 3	 rj in r'a o	 A( nl t i tt\ o c' M.d h+IN to 1► wL, • • • • • • • • • • • • • • • • • • • • • •
J ul 1 .4 N N 1 rl (V r.) f Vl t$ t--- r( (j , • l .4 l+) In K t1` .4 (%:
C O
	 1 1 1	 •'a  -4 .4 r( •-1 •r 'V N
At
.4%0N• 0 DM C)M O + 0T ti 4-,•7 w,C OM r3 •4m .r^4®n4
In?M .1 t %DTM InCPNInx . .t'OMt.N.4N%D a'
O0O47o M"4.1.4 4FOINNNN NNNM stn w -4
X	 o CD C..* in	 a u4-1p q -AC . • .t-.)+J CJt'3,J.+)
1	 1	 i	 l	 l	 l	 l	 i	 l!!	 I	 I	 1	 1	 1	 1	 1	 1	 1
O^DN1. .4C m0N .DA w  .j 4wMulNLiMN
^MN ! a0a0O`.ti wU'sN tv Wtu IvP^NUN W w W N
.-4 .'4 NN.1 94.4 NNM .t WNM .4M%D	 DN%C 4D
O ©cat•o p m	 to r:jO mr'f 4,.4-4.4 NNMf FPMy	 • • • • • • • • • • • • • • • • • • • • • s
.r
.r
K O^I.O t 0.-1tnN N0 m040 ,;a,DA M NN O%tn
J
	 47M47MO . D .Al. McDNmwm m t ON tT kDr..iq
U,J
	
J	 Ou.r.-4 C)	 4 W4 CI ) MOW) t t U% 0 0%VN <DO+ O%C"
O
O
	
1 1 1E
UhUl •'4 1. t7+ J40 t UN r- 	 W .-4 u-tP`CCP, M W M M W
	
M M ..a	 .a r7 .4 r'1 7 .d 7 CT` a* (T+	 r 1.. P, 1`
y •4 C 41 Nn 	 a;	 NN
d nnn • 3' ,%n •a rsn,an'^•^•^n'^^r+e±c, ^ -•c ra
•i
	
	 C-) -f 1LINC2 M I (ailLA"uNQ` ni S'0 ..4MN^+
• NNN do 1V no eo TtT .4N to) MMLIN 1+-M.d Nan
d C)	 1 1 1	 ••+ .4 . 4 r4 .-4 -4 N N
y
«.t
X
W
OOS
N N tTt t0 tt# M 1 V Q` .i V\ ti N d O 6t1 f^ ^ J r! N
rl tTM .•1 %O 41• •aNvcam arm M C► O WM%Ooc^0.•na 04"W NNi"NNNNMMI i MtmY	 Gi no to to 4 tj -J 0 t,l V.i Li ,a l.! to q a , cl ri s4
V	 • • • • • • • • s • • • • • • • • • • • •
1	 I	 I	 I	 I	 f	 1	 1	 1	 i	 1	 1	 I	 i	 i	 l	 i	 1
Q'O w W N UNQ0 to ? ! C%0 ® OhMNNON TO Nti•4N4 uN1. M - / -i ? QgDW0U%0
rtriNNNNNNM 400. mw4MUN04M 41^
n t:p 0 0 f-.2 Pi 0 d to 0 r-* ci C3 ,i W4 e -1 -t .-1 N	 W)
U)NNC"3coNN W) tN !N J O^MNM.rI^I^N0vU%P- M 4 J N 0w N0Mi►. a M w 4 MN
=wflJWUtO MOOMul.N•DMmmNOtNM
	
0 _.I -4-4 .3o.i.1N M1 f U',Ultio ,DP-	 df ON b
1	 / i
(Y'NLALnfly O` -i O`C, UNU# •4 ON MiM •'tI~V%W 1i•S	 t t -t t? .t UA .1 I t -I .! M -t J J 1 1 M M IT
C) •	 .1 .r .4 .1 •-1 rt .-1 r+ .. .-t .4 " " .-t " .-t .-t H .d -+
40 .4	.r .+ ..., .........^ .i .r
Q .. D -4 t M O'.. .! .J w14 trA(r r .1 W-4 rjA K)
_ • a i •r ^7 u f,I N M	 CO O+ M a tU	 N
JW 1 -4	 ^J	 .t N M t ^t^ ,^ h b •^ .a tV N^ ,i' ^[^ to N
Q 0 1
	 -• -• N N
woe tO` ^U1i4.^NN.-1tri^ of t^^U10^1► UZ OS.•NMMQ N t"oOmmti tD Tti m t ? ^+ f42mo.4m 494NM"MMMM M MMa1 4o t0.^
1) 1.2 O {.J tJ t.'3 G Cl V d 4f t..l t-1 tJ Li t:) 4) t.1 49 p 4-' r4
1	 1	 1	 1	 1	 1	 1	 1	 1	 1 1	 1	 1	 6	 1	 1	 1	 1	 1
P9 ^ ^^J1[tl^f•^o •4UtiN^ Ot t:i MU^ l^ r1NM
NNNNNNNNM d It1 .fl^Ot . 1 Stp •4^ONw O+
^ 000.^r3poc7c^oori^^v.4 •^ .4 NNM!"'M
7X
J	 .-1 tD 0% Or+o d NtDN it 'D t 4 •-30C 4 m•'1m J
W	 14 6.•o W%DZw4M} M•4 0t3r413WON -tMMMti.4
O	 =1110 A C3 tD N O` MNM?.it6/.+U%OOs t .-1 t i3J	 UtI©.-tu c•w1.+N M) M J IAN .M W 1.11%.H •C ON 4t ON
1	 1	 1
0 I= La M4` mmNNNt.3M 4m C`L-- N t1M"(vIq
_ .-1a.4.-1.4r4MN NNMM N.4.JMNinUN l NM
V •WV4000QDV404)4 Gj-0904040a?13DOC 40302)gtQ [1 0 0 o C3 n c ' 3 -1 3	 n o n •a r "I'3 r• .y 1,1
N M o 4 f40+ tDM 0`M '0N ./ M'U.+W'D0 DM 4
	
•CAM MUM'JO'(rM TI 	-4.4NN F` ,
	U\'COt/r+t)tDQ. L3 • • s • • • • • • • • • • • • s • • • • • •
J 1v 1 1 ./N 1	 .r N r, t .QS. JO 0 1 t 	 cl, 1 uJ, .-1 N
•t C]
	 1 1	 94 •• 94 94 •4 •a N N
^ Lr1
N
U
z
Lm-
cm
Li.
.rrG
G^LL
U
O
a^L
o^
UIN
.--q
LL
r
l
^^.
O
^W^
adqa
^a
°^^
G
r
O — N M cf Lo
O
c
•r
ro
G
.G
.O
N
a.
CL
O
L
U
O
LO
v
U
•r
N
m
M
O
L
c.
41
+J
tJ in
>
47,
Ul m
TAT
ca
.^
0
..c
c
^s
^'
c^
*--v
.^ ^
es-
c:
.^'
1
C
n
CO
a. oeg
.2	 .4	 .6	 .8	 1.0	 1.2
CL
_8
-.2
fa) Model 1.0--45°
Figure 5 . Longitudinal aerodynamic charaderistics forA-450
cropped wings with constant tip chord and variable trailing edge
{t^ i	 sweep at Mao	 0	 ;^:.
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Figure 6. Longitudinal aerodynamic characteristics WA 450
 cropped delta
wings with variable taper ratio at M,,.,o.
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Figu re 8 . Longitudinal aerodynamic chnmdohdio for Model IX at M=,—O^ 	 .
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